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Mineral trioxide aggregate (MTA) has been re-
garded as an ideal material for perforation repair, 
retrograde filling, pulp capping, and apexifica-
tion since its introduction in 1993.1,2 The  principle 
compounds present in MTA are several mineral 
oxides that are responsible for the chemical and 
physical properties of this material.3 MTA is a min-
eral powder that consists of hydrophilic particles, 
whose principal components are tricalcium sili-
cate, tricalcium aluminate, tricalcium oxide, and 
other mineral oxides. It has a pH of 12.5, and sets 
in  the  presence  of  moisture  in  approximately  4 
hours.4,5 Several studies have demonstrated that 
its excellent sealing ability and biocompatibility.6 
Using different leakage approaches, fluid filtration 
technique,7 dye-leakage model,8 bacterial leakage 
model,9 and dye-extraction  leakage method,10 
MTA experimentally showed better sealing abil-
ity than other materials, such as amalgam,9 zinc 
oxide-eugenol cement,1 resin-modified glass ion-
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omer cements.8 Also the ideal material for treating 
radicular perforations should be nontoxic, nonab-
sorbable, radiopaque, and bacteriostatic or bac-
tericidal.11 MTA has all of these characteristic and 
has applied with good outcomes in root-end filling, 
direct pulpal capping, apexification, repair of furcal 
perforation and radicular resorption.5 Microscopic 
examinations of periodontal tissues after perfora-
tions in the furcal area and subsequent sealing with 
MTA demonstrated repair of the periodontium, and 
new cementum formation over the material.12  The 
repair capacity of MTA can in turn be attributed to 
the antimicrobial properties and high pH (12.5) of 
MTA. These characteristic of MTA promote growth 
of the cementum and formation of bone.13 
Furcal perforation is usually an undesired com-
plication that can occur during preparation of end-
odontic access cavities or exploring canal orifice of 
multirooted teeth.14 These undesirable situations 
such as excess removal of tooth structure or per-
foration occur during attempts to locate canals or 
as a direct result of failing to achieve straight line 
access to the canals. In the process of searching 
for canal orifices, perforations of the crown can 
occur, either peripherally through the sides of the 
crown or through the floor of the chamber into the 
furcation.15 Such perforation are managed surgi-
cally or nonsurgically.16 Various materials have 
been used in repairing perforations including zinc 
oxide-eugenol, amalgam, calcium hydroxide, com-
posite resin, glass ionomer and resin-modified 
glass ionomer.17 
There are few reports on repair of furcal per-
foration with mineral trioxide aggregate (MTA). 
Arens and Torabinejad18 reported that 2 cases are 
described in which MTA was used to repair furca-
tion perforation successfully. Pace et al19 had done 
clinical and radiographic follow-ups at 6 months, 
1 year, 2 years, and 5 years, and after 5 years, and 
indicated a successful outcome of sealing perfora-
tions in 9 out of 10 teeth. Oliveira et al20 had also 
repaired furcal perforation with MTA in a primary 
molar tooth, and done follows-up 20 months. They 
indicated clinical and radiographic success. Sil-
veira et al21 reported that 2 cases are described in 
which MTA was used to repair furcation perfora-
tion. 
The aim of this long-term follow-up case report 
is to present a successful treatment of iatrogenic 
furcal perforation by MTA. 
cAsE rEPorts 
Case 1
A healthy 50-yr-old man was referred to the 
Department of Endodontics, Suleyman Demirel 
University after an initial appointment ten days 
previously for root canal treatment of tooth 46. He 
expressed that the dentist was unable to localize 
the root canals’ orifices.
Clinical examination showed no sensitivity to 
percussion and palpation test. The mean probing 
pocket depth was within normal level. The radio-
graphic examination showed a little radiolucent 
area in furcal region of tooth 46 (Figure 1).
The crown and temporary restorative material 
was removed and the larger perforation area than 
the radiographic imagine of the perforation was 
detected clinically (Figure 2). Hemorrhage was 
controlled with copious irrigation with 1% sodium 
hypochlorite. Blockage was determined in the me-
sial canals. The working lengths were determined 
with  Raypex  5  (VDW  Endodontic  Synergy  GmbH, 
Munich, Germany). The mesial and distal canals 
were cleaned and shaped using ProFile ISO files 
(Dentsply Maillefer, Ballaigues, Switzerland) in a 
crown-down technique and copious irrigation with 
5.25% sodium hypochlorite. The root canals were 
then obturated with gutta-percha points and AH 
26  (Dentsply,  DeTrey  Konstanz,  Germany)  using 
the lateral condensation technique. The perfora-
tion sealed with mineral trioxide aggregate-sterile 
saline paste ProRoot MTA (Dental Tulsa; Dentsply, 
DeTrey  Konstanz,  Germany)  mixed  in  a  3:1  pro-
portion. In this appointment, which applied MTA 
with an amalgam carrier, a cotton pellet was then 
placed in the pulp chamber to produce a humid 
ambient for the MTA with the aim of achieving its 
solidification, and the tooth was temporary filled 
with Cavit temporary restoration material (Cavit-G, 
3M ESPE, St. Paul, Minnesota, USA) (Figures 3 and 
4). The patient returned to the clinic three days lat-
er with no symptoms or signs. Temporary sealing 
materials and the wet cotton pellet were removed 
and the hardness of the MTA was gently tested with 
an operative explorer. In this appointment, a fiber 
post (D.T. LIGHT-POST Bisco, Inc. Schamburg, IL, 
USA) was also applied into the distal canal because 
of reinforcement and composite resin (FiltekTM   
Supreme XT, 3M ESPE, St. Paul, Minnesota, USA) 
(Figure 5). Later, a ceramic veneer was applied. 
At the 6-month recall, the tooth remained as-
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ymptomatic. The clinical examinations showed 
that the tooth had no pain and no response to 
percussion, palpation and there were no probing 
depths (Figure 6). A two-year follow-up revealed 
adequate clinical function. Radiographic findings 
showed adequate sealing of the perforation region 
and the tooth had no radiolucency at the furcal 
area and the apexes (Figure 7).
Case 2
A 59-yr-old female was referred to the Depart-
ment of Endodontics, Suleyman Demirel Univer-
sity after an appointment for root canal treatment 
of the tooth 26. The patient complained of spon-
taneous pain in the left maxillary region. The pa-
tient declared that she was referred to our clinic 
15 days after initial appointment.
Upon clinical examination, the tooth had no 
tenderness on palpation and no mobility, but had 
percussion pain. Upon radiographic examination, 
radiolucency was observed in the furcal region 
(Figure 8).
Figure 1. Periapical image of tooth 46 showing little furcal radiolucency (Case 1).
Figure 3. Radiograph after MTA application. Because of the blockage, mesial canals 
were obturated short (Case 1).
Figure 5. Radiograph after application of fiber post in distal canal and restoration 
with composite resin (Case 1).
Figure 2. Clinical view of the large furcal perforation.
Figure 4. Clinical image of MTA application (Case 1).
Figure 6. At 6 month follow up, there is osseous healing at furcal area (Case 1).
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The bridge restoration and temporary restor-
ative material were removed. Hemorrhage was 
controlled with copious irrigation with 1% sodium 
hypochlorite. The furcal perforation was con-
firmed by photograph taken clinically of tooth 26, 
which revealed osseous breakdown at the furca-
tion (Figure 9). The obturation of root canals and 
repairing of perforation with MTA were performed 
in a similar manner to Case 1 (Figures 10 and 11). 
A ceramic crown-bridge was then applied between 
teeth numbers 23-26.
Figure 7. Osseous repair can still be seen at the 2-year follow-up (Case 1).
Figure 9. Clinic view of perforation area (Case 2).
Figure 11. Radiograph after MTA application (Case 2).
Figure 8. Periapical image of tooth 46 showing little furcal radiolucency (Case 2).
Figure 10. MTA placed with temporary restoration (Case 2).
Figure 12. MTA seal and new root canal treatment at 6-month follow-up (Case 2). Figure 13. Bone formation is visible at 2-year follow-up (Case 2).
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At the 6-month follow-up, radiographic exami-
nation revealed further healing (Figure 12). The 
patient was asymptomatic. Clinical follow-up at 
two years revealed adequate clinical function and 
an absence of clinical symptoms. Radiographic 
follow-up at two years showed that the furcal ra-
diolucency had disappeared (Figure 13).
 
dIscussIon
In the past years, amalgam, composite res-
in, and glass ionomer cements have been used 
for sealing furcal perforation. However, studies 
have shown that MTA is apparently superior to 
these materials with respect to marginal adapta-
tion,3,4,22-24 bacterial leakage3,4,22-25 and cytotoxic-
ity.3,26 Main et al27 concluded that MTA provides an 
effective seal of root perforations and can be con-
sidered a potential repair material enhancing the 
prognosis of perforated teeth that would other-
wise be compromised. Economides et al28 also re-
ported that MTA is a biocompatible material when 
used in root-end cavities, stimulating reparation 
of periradicular tissues, showed no inflammation 
and deposition of cementum over MTA in the ma-
jority of the specimens when placed on root per-
forations in dog’s teeth29 and the ability to induce 
hard tissue formation.30 The desirable properties 
of MTA make it a useful material in repairing the 
root and furcal perforation. 
The prognosis of perforations depends on the 
location, size and time of contamination of the le-
sion.17 The location of furcal perforations at the 
level of the epithelial attachment and crestal bone 
suggested a guarded prognosis.31 Secondly, the 
size of a perforation represents another important 
factor in determining the success of the repair pro-
cedure; some authors suggest the use of internal 
matrix to avoid the extrusion of the sealing mate-
rial and consequent periradicular tissue inflam-
mation.32 In our cases, furcal perforations were 
small, with a low risk of filling material extrusion.   
Finally, interval between perforation and repair is 
one of the critical factors for success.17,23,33 Imme-
diate sealing of perforations enhances the repair 
process due to reduce the possibility of bacte-
rial contamination of the defect.27 Holland et al34 
shown that the lateral root perforations sealed 
with MTA after contamination presented worse 
repair than the noncontaminated, immediately 
sealed perforations.   In the presented cases, al-
though the time between perforation and repair 
was 10 days in Case 1 and two weeks in Case 2, 
MTA treatment was successful, as indicated by 
imaging at 6 months and 2 years, respectively. In 
another study, the time elapsed from the creation 
of the perforation to repair of the defect did not 
exceed 6 months and the use of MTA to seal fur-
cal perforation was associated with a good short-
term clinical outcome.19
Inadequacy of the repair materials can also be 
a contributing factor to the poor outcome of repair 
procedures. Despite an accurate diagnosis and 
immediate treatment planning, a suitable mate-
rial is also a key element in successfully sealing 
perforation.33,35 The clinical applications to human 
subjects also have proved that MTA is good for 
solving the problems derived from perforation—
it is not interfered in the presence of moisture 
and inhibits the activity of bacteria.21 However, 
the option of sealing the perforation immediately 
provided for an adequate endodontic therapy in 
the following visit, free of hemorrhage and con-
tamination, which would negatively influence the 
outcome of the therapy. Nicholls36 recommended 
that contaminated perforations be washed out 
with hypochlorite. Pitt Ford et al12 reported good 
response in which repair with MTA can likely be 
attributed to the effective use of hypochlorite ir-
rigation. Perforation areas were washed with hy-
pochlorite and the hemorrhage was stopped in our 
cases. 
Materials used to repair furcal perforations 
and restore molar teeth must respond to occlusal 
forces. In recent studies, maximum bite force was 
found to be 640 N in all teeth and 265 N in one 
tooth.37 However, bite force was significantly asso-
ciated with gender, age, self-rated general health, 
and occlusal support, but not with temporoman-
dibular junction (TMJ) noise or mouth opening 
limitation.37 For many studies, bite force was 
found to be 512 N in men, and 443 in women.38,39 
At 24 h MTA had the lowest compressive strength 
(40 MPa) among the amalgam, Super-EBA, and 
Intermediate Restorative Material (IRM) but it in-
creased after 21 days to 67 MPa. MTA should not 
be placed in functional areas, because it has low 
compressive strength.40 The sites where applied 
MTA should not receive a direct occlusal load. 
However, clinical case reports in which MTA has 
been used to repair furcation perforations with 
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both clinical and radiographic success have also 
been reported at long-time follow-up.18-21,41 In pre-
sented clinical case reports, the composite was 
restored coronally after application of MTA and 
applied veneer porcelain restoration for distribu-
tion of occlusal load. 
On the basis of these property studies of the 
mineral trioxide aggregate, we used MTA in our 
cases and the material resulted in successful re-
pair of perforating furcal perforation at a two-year 
follow-up. After two years, the teeth remained 
asymptomatic, radiographic examination showed 
signs of normality and the patients were satisfied 
to keep the tooth.
concLusIons
MTA has the potential as a material for repair 
of furcal perforation. However, MTA should be fur-
ther tested for response to occlusal forces and re-
search about the materials that can be used with 
MTA should be designed.           
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